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(g) Multiple Independent mobile Imaging gradient coll transport system. 



(67) The present invention provides a mechanisnr) 
for allowing multiple configurations of imaging 
gradient coiis to be utilized within an MRI sys- 
tem. The present invention provides a transport 
cart that is consliucted to allow {multiple con- 
figurations of imaging gradient coils to be easily 
inserted and removed from an MRI system. The 
present invention provides a less costiy 
mechanism of producing superior images with- 
. . out the necessity of owning multiple machines. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

; The present invention relates generally td the s 
field of nnagnetic resonance imaging (MRI), and more 
particularly to an apparatus for allowing multiple con- 
figurations of Imaging gradient coils to be integrated \ 
into a MRI system. 

' ... 10 

2. Discussion of Related Art 

Presentiy. magnetic resonance imaging (MRI) 
systems are constructed with permanent imaging 
gradient coils. Gradient coils and the MRI sytems that is 
utilize them are well known in the art Typically, a 
whole body gradient coil would be permanently 
mounted within the MRI device in order to produce an 
image of the humaii body. Whole body gradient coOs 
are expensive and less effective then application spe- 20 
cif ic coils, such as head or spine gradient coOs^ which 
are specific to a particular part or region of the human 
body. Performance of gradient coils is dependent 
upon the gradieint strength of the particular gradient 
coil being utilized.' The performance of whole body 25 
gradient coils suffers because of the its internal gra- 
dient strength. IH addition, whole body gradient coils . 
are very expensive. - 

In order to Improve the image quality for specif ic 
parts of the body above that produced by whole body .30 
gradient coils, as well as decrease the cost of the en- 
tire MRI system, application specific gradient coDs 
(e.g., head or spine coils) have been permanentiy af- 
fixed Inside the MRI system. The application specific 
coils produce a superior image for the particular part 35 
of region of . the human body because of their in- . 
creased gradient strength. 

However, certain types of widely used gradient 
colls cannot co-exist in the same MRI system. For ex- 
ample, a head gradient coil designed to produce su- 40 
perior head images cannot co-exits with a gradient 
coil designed to produce superior spine linages within 
the same MRI system. Thus, a user of a MRI system 
would need to purchase niultiple MRI systems in order 
to utilize both types Gf application specirfic gradient 45 
coils. Having to purchase multiple MRI systems is 
both cost and space restrictive. 

' Consequently, an MRI system is needed that pro- 
vides a means of producing exceptional image quali- 
ty, while allowing multiple, sometimes conflicting, gra- , 50 
dient coils to be utillzW in the same MRI- system. 

SUMMARY OF THE INVENTION 

In view of this foregoing, the. present invention 55 
provides a mechariism for allowing multiple, possibly 
conflicting configurations of imaging gradient coils to 
be irriplemented within a single MRI system.- The 



present invention provides a transport cart that is 
constructed to allow multiple configurations of imag- 
ing gradient coils to be easily Installed and removed 
firom an. MRI systern. The present mvention provides 
a less costly mechanism of pibdudng superior im- 
ages without the necessity of owning multiple rfia-; 
chines. 

The gradient transport cart Includes a main 
frame, a plurality of rotatable transport wheels con- 
nected to the frame, a gradient collar connected to the 
. frame, a gradient coil tube for housing an application 
specif ic gradient coil, the gradient coil tube connected 
to the gradient collar, and attachment means for at- 
taching the gradient coil tube to the gradient collar. 
Moreover, the present invention provides a means of 
securely fastening the gradient transport cart 100 to 
the MRI system. 

BRIEF DESCRiPTIOISl OF THE DRAWINGS 

The foregoing and other features and advantag- 
es of the invention will be apparent firorh the following 
more, particular description of the preferred embodi- 
ments of the invention, ais lllusitrated In the accompa- 
nying drawing, in which: 

FIG. 1(a) showsi a side view of a preferred errv 

bodimerit of a gradient trarisport cart 100 of the 

present invention; 

FIG. 1(b) shows a rearvlewbf the! gradient trans- 
port cart 1 00 of the present invention; 
FIG. 1 (c) shows a front view of the gradient tube 
1 35 of the present invention; 
FIG. 2(a) shows a side view of a representative 
MRI system 200 that Incorporates the gradient 
fransport cart 100 of the present invention; 
FIG. 2(b) shows a front view of the MRI system 
200 of the present Invention; 
FIG. 2(c) shows a rear view of the MRI system 
200 of the present invention with the gradient . 
transport cart 160 in place; and 
FIG: 2(d) shows a rear view of the MRI system 
200 . of the present invention with the gradient 
transport cart 100 removed. . ' . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to FIGS, la, lb, and'lc, a detailed 
illustration of a gradient transport cai-t 106of the pres- 
ent Invention is showri. The gradient transport cart 
100 is utilized to transport multiple configurations of . 
imaging, gradient coils. The gradient transport cart 
100 is essentially a "generic" transport cart In the 
sense that it provides a mechanisnri for allowing a va- 
riety of different gradient coils (e.g., head gradient 
coiis or spine gradient coils) to be attached to the gra- 
dient transport cart 100. ahd therefore utilized by a 
magnetic resonance imaging (MRI) systerTi.200, (see 
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FIG. 2(a) - 2(d) discussed below). However, the.de- ;. 
sigh and conf iggration of the gradient transport cart 

~ ;100 usually is specrflcally designed around the par- 

: ticular type of gradient coil currently being utilized by 
a technician operating the MRI system. It will be read- 5 
/ily obvious to those sl^illed in the art to make the m\r. 

. nor changes in the structure of the gradient transport ' 
cart 100 to incorporate a particular type of gradient 
coil. The preferred embodinient of the present Inven-. 
tlon was designed to house a head gradient coil. io 

Once the gradient coil is attached to the gradient 
transport cart 1 00, as described belpw, it is positioned 
and temporarily fastened within a MRI magnet The . 
gradient transport cart 1 00 allows rehioval of thie gra- 
dient ooi) fronri the MRI system 200. The gradient 15 
transport cart 1 00 can then be stored in an appropri- 
ate location apartfrom the MRI system fprfuture use. 
The gradient transport cart 1 00 is designed to occupy 
nriinimal floor space. 

Referring now to FIG. 2a, a side view^of the MRI 20 
system 200 which utilizes the gradient transport cart 
100 is shown. 

. The MRI systenri 200 utilized by the present In- 
vention is of conventional design. Any present or fu- 
ture developed MRI system can be utilized with the . 25 
present invention. One skilled in the art of MRI tech- 
nology will readily understand from the description 
below the changes that must be made to the conven- 
tional MRI system |n order to incorporate the gradient 
transport cart 100 of the.present invention. Specif 1- 30 
caily, the MRI system of the present Invention Is shap- 
ed and configured to allow the gradient transport cart 
100 of the present invention to be inserted into the 
MRI magnet bore 250. This is clearly a mechanical - 

. change to accomodate the gradient transport cart 35 
1 00. The present invention does not contemplate the 
need to nriake aiiy technological changes in the op- 

. erational behavior of the MRI system 200. However, 
with that in mind, the MRI system 200 can potentially 
be configured with any combination of application. 40 
specific gradient coils that would complerrient the va- 
riety of different application specific gradient coils lo- 
cated on the gradient transport cart 100. 

Specifically, the MRI system includes a magnet 
casing 210 (magnet assembly structure) which holds 45 
the MRI magnet (the MRI magnet is nbt shown in the 
drawings), a structure 220 which supports a flat bed 

i225, and a step 230.; The flat bed 225 is slidably . 
mounted on the second housing 220 in order to facil- 
itate moving the patient (not shown) in and out of the so , 
MRI magnet bore 250, as shown in FlGl 2b. FIG. 2b 

. shows a front yiew (i.e., looking in from the flat bed 
225) of the MRj system 200^ The flat bed 225 has a 
handle 227 for manually sliding or rolling the flat bed 

. 225 into the MRI system 200. 55 

Referring again to FIGS 1(a) - 1(c), the gradient . 
^transport cart 100 includes a structural frame for sup- 
porting an application; specific imaging gradient coil 



137, described below. The structural frame include^ 
a lower frame, a vertical frame, and a support brace' 
122. The lower firame includes a pair of axial members 
. li2a and 112b, a first horizontal'member 113 perpen- 
dicular to the axial members 112a and 112b, and a 
second horizontal member 110. The vertical ffanie, 
attached at a right angle to the first horizontal member 
.113, includes a pair of vertical members 114a and 
. 114b and a third horizontal member 111 attached per- 
peridicular to the pair of vertical members 114a and 
114b. Finally, a support brace 122 is placed between 
the vertical frame and the lower frame. It is readily ap- 
parent that the front end does not have a support 
member.Thls enables the gradient transport cart to 
enter the MRI system and not interfere wjth the MRI 
magnet. A bumper 125, described in detail below, 
does run across the front end of the gradient trans- 
port cart 1 00. However, since the bumper 125 is lower 
than the lower frame, the gradient transport cart 100 
still does not interfere with the MRI magnet. . 

The structural frame is but one way of providing 
a frame In accordance with the present.lnvention for 
supporting the application specific gradient coil. One . 
skilled in the art could readily design other suitable 
frames for supporting the gradientcoil. . 

The structural frame is the mechanical interface 
for the attachment of a gradient collar 130 at the up- 
permost horizontal and vertical faces of the third hor-. 
izontal member 111 via conventional mechanical fas- 
teners. The gradient collar 130 is. a^multi-purpose 
mechanical mounting platform fabricated in the pre- . 
ferred embodlirient of the present invention of va- 
cuum cast aluminum. A prinnary function of the gra- 
dient collar 130 is a means, for attaching a gradient 
tube 135 via a bolting flange on the gradient collar . 
130. 

The gradient tube 1 35 houses an application spe- 
cific irnaging gradient coil 137. The gradient tube 135 
in this preferred embodiment of the present invention 
is constructed of a graphite and/or fiberglass conipo- 
site. The gradient coil 1 37 is attached to the Inside of 
the gradient tube -1 35 and appropriately positioned 
within the gradient tube 135 in order to allow the gra- 
dient coil 137 and MRI magnet to be homogeneously 
aligried. In other words, as. is well. known in the art, it 
is essential that the MRI magnet and the gradient coil 
137 currently being used are centered along their re- 
spective isocenters (i.e., hornogeneous region). Each 
individual magnet and gradient coll 137 have their . 
own respective "usable regipn" that can be used to 
produce ah image. If the two 'usable regions* are not 
aligned properly, the MRI system 200 will not produce 
a viable image. Consequently, the present invention 
provides a mechanisrn for appropriately adjusting the 
alignment of the gradient tube 135 in order to match 
the MRI magnet and the gradient coil 137 properly. 
Specifically,, a gradierit coil calibration shim plate(s) 
155 is used to adjust the horizontal depth of the gra- 
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dient tube 135 within the magnet bore. 250. .This is 
done as follows. Initially, the gradient tube 135 is at- 
tached to the gradient collar 1 30 and Inserted into the 
MRI magnet bore 250. the MRI system 200 is tested, 
and In this test it is determined whether or not the MRi s 
magnet and the gradient coil 137 are properly 
aligned; If they are properly aligned, then the gradient 
tube 135 Is permenantly fastened to the gradient col- 
lar 130, and the MRI system, in conjunction with the 
gradient transport cart 100; is readyfor use. However. = io 
if they are not properly aligned, ten a gradient coii cal- 
ibration shim plate 155 is placed (and fastehed) be- 
tween the gradient tube 135 and the gradient collar 
130. This acts to move the gradient tube 135 horizon- 
tally with respect to the MRI magnet boine 250, caiiis- is 
Ing.the spacial relationship between the MRI magnet 
and the gradient coil 137 to change correspondingly. 
The at>ove process can be repeated and additional 
shim plates 155 can be inserted, until the MRI magnet 
and the gradient coil 137 are properly aligned, caus- 20 
ing the Image prbducidd by the MRI system 200 to be 
accurate. 

Typically, the gradient transport cart 100 houses 
a head gradient coll 137. Head gradient coils are 
asymmetrically 'designed. Asymmetrically . designed 25 . 
gradient colls have a unique torqulhg problem. Con- 
sequentiy, the gradient coil 137 with the aid of the 
gradient trans port cart 1 00 nriust be securely fastened 
to the MRI system 200. The gradient collar 130 is de- 
signed to support the cantiievered imaging gradient 30 
coil mass with minimal deflection, thus allowing for 
accurate coil positioning. The gradient transport cart 
100 is accurately aligned and mechanically locked 
into the magnet assembly finanie 210 (i.e., the^gria- 
dient tube 135 is locked within the magnet bore 250) 35 
via a three-point attachment mechanism. A pin -170 
. and a pair of Ibck-in latch mechanisms 150 form a 
three-point brace at the back external face 253 of the 
MRI system 200. Referring to FIG. 2(d) Pin 1 70 is in- 
serted into an opening 285 and the two lock-in latch- 40 
es 1 50 are engaged by hooking with the latch recep- . 
tacles 272a. arid 272b. The lock-In latches 150 are 
conventional rhechanical latches. 

The second part of the three-point attachment 
rrieohanism can be seen in FIG. 1 (c). FIG. 1 (c) shows 45 
a front view of the gradient tube 135 of the present in- 
vention. Pins 175, 176, and 177 are engaged with in- 
ternal . surface ' featuries of the magnet bore 250, 
naniely pins 175, 1 76, and 1 77 are inserted into open^ . 
ihgs 265, 266, and 267, as shown in FIG. 2(d). Descri- so 
bed above, is the preferred means of securing the 
gradient transport .cart 100 to the MrI system 200. 
However, the present invention contemplates secui*- 
ing the cart 100 to the MRI system 200 with any pres- 
ent or future developed fastening device. 55 

In addition. to the threorpoint attachment mecha- 
nism, the present mvention provides a secondary 
latching mechanism 295a and 296b. Incorporated into 



the design of the MRI system 200 are putiets for corv > 
necting a power source or a water source to the sys- 
teni. Secondary latches 295 cover the outlets and 
protect thern from outside interference. When. the 
putiets.are in use the iatcheis are lifted. If, for example, 
the power was connected through latch 295, it Is nec^ 
essary to safe guard the possibility that someone 
might try to remove the gradient transport cart 100. 
without disconnecting the power source. Cbnse- 
quentiy, the secondary latches 295 of the present irv- 
vention, when lifted, engage with the gradient collar 
130 via locks 296a and/or 296b. Thus, it becomes irh- 
possible to remove the gradient transport cart 100 
without first disconnecting the power supply. 

Referring to FIG. 1(a), integrated Into the axial 
members 1 1 2a and 1 1 2b are two sets of independent- 
ly rotetable transport wheels 115a and 115b. The rear 
s^t of wheels 1 1 5b are capable of t>eing locked In any 
position via a "dead-man" braking mechanism. The 
"dead-man" braking mechanism is activated and de- 
activated by engaging a lever mounted within the bar 
handle release of the push bar 275. The release of the 
lever on the push bar 190 actuates the wheel lock 
system by gravity and torsional spring assisted dis- 
placement of a series of interconnected toggle link- 
ages^^to a brake pad integrated with the rear wheel as- 
semblies 115b; The actuation of the lever on the push 
bar 190 recreates the above events in ^^reverse. In 
other words, actuating the lever unlocl^ the wheel 
brakes, thus aiding in. eliminating Vunawiay train" po- 
tential: 

As best shown in FIG. 1 (a), Iristalled In axial ter- 
minations of the lower frame are bumpers 125 fabri- 
cated in the preferred embodiinent of the-present in- 
vention of cast rut>ber. However, any suiteble shock 

. absorbing material can be used for bumber 125. The 
bumpers. 125 provide a dual purpose: anticollision 
protectipn and guidance capabilities. It is desirable 
that the gradient coil not make physical contact with 
the external' magnet casing 210 or internal walls of 
the MRi system. The gradient transport system 100 
is designed to allow entry into the magnet bor^ 250 

; without allowing the gradient tube 35 to make contect 
with the magnet.casing 21 0 or magnet bore 250. 

Referring to FIG. 2d, a back view (without the 
gradient transport cart 100 in place) of the MRI sys- 
tem 200 is shown. The. MRI system 200 is supplied 

. with a pair of guide wheels 290a and 290b. The guide^ 
wheels 290 are designed to allow the lower frame 
bumpers 125 (FIG. 1(a)) to position the gradient 
transport cart 100 for entry into the MRI system i200. 
Thuis,- the guide wheels 290a. and 290b extend out- 
ward from the MRI system 200 far enough to assure 
that the gradient tube 135 does not rpake physical 
contact with the magnet casing 210 or magnet bore' 
interiori. 

The lower frame members are sheathed or cov- 
ered.with sheet metel skins 160 to conceal construe- 
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tion welds and support angles while adding to the 
overall design motif and appearance. 

in addition, the gradient collar 1 30 casting also in- 
tegrates mechanical fastening points 1 39 for decora- 
tive fiberglass covers 1 40, a dead-man brake assem- 5 • 
biy 1 20, magnet lock-in latches 1 50, gradient coil cal- 
ibration shim plate(s) 1 55, and any electrical intercon- 
nection necessary to operate the gradient coil. In ad- 
dition to necessairy electrical interconnections, the 
' present invention contemplates providing cbnneo- io 
tions for. a thermocoupler temperature monitor for 
monitoring the temperature in the gradient coil and ID 
tag assigned to every Individual gradient coil, thus al- 
lowing a computer to readily ascertain the type of gra- 
dient coil presentiy being used. 15 

Furthermore, it is contemplated that the present: 
invention cain be hooked up to a water source to pro- 
vide an on board water cooling system. 

Generally, the gradient transport cart 100 is easi- 
ly maneuvered about within limited spaces, and 20 
brought to its entry point at the gradient end 253 of the 
magnet assembly 210. The technician (not shown) 
roughly physically positions and centers the gradient 
transport cart 100 wjth the magnet bore 250 (aided 
by the bumper mechanism 125 described above). . 25 
He/she then begins to insert th6 gradient ta^nsport 
cart 100 slowly into the magnet bore 250. 

Referring to FIG. 2(d), the interior of the magnet 
bore 250 has integrated giikJance rollers 260 which 
assist in automatically physically alighihg the gradient 30 
transport cart 100 with the magnets bore axis as the 
technician pushes the gradient transport cart 1 00 into, 
the MRi system 200. The guidance rollers 216 are 
positioned to interface wjth the outer, vertical, 
sheathed faces of the gradient tube 135, and to assist as, . 
in fine alignment of the gradient tube 135 with the 
magnet bore 250. 

In addition, and referring to FIGS, la and 1c, the 
gradient tube 135 is equipped with a pair of support/gui- 
de wheel assemblies 165. The support/guide wheel. 40 
assemblies 1 65 are affixed transverse to the longitu- 
dinal axis of the gradient tube 135. As the gradient 
transport cart 100 enters the magnet bore 250 under 
control of the technician, the support/guide wheel as^. 
semblies 165 engage a platform 270 integral with the 45 
inner surface of the rtiagnet bore 250 along its longi- 
tudinal axis. The wheel assemblies allow the gradient 
transport cart 1 00 gracefully to enter the magnet bore 
250; so as not to cause any physical damage. 

FIG! 2c shows a back view of the MRI system 200 . so 
with the gradient transport cart 100 in place. Once 
the lock-in latches 150 have t)een engaged, the gra- 
dient transport cart fits neatly into the back oft he MRI . 
system 200, and there are no unnecessary intrusions : 
into the space surrounding the MRI system 20.0. In 55 
addition, a fibei-glass covering 280 is placed on the 
back of the gradient transport cart 1 00 to add to the 
overall design motif. 



' While the invention has been particularly shown 
and described with reference tb preferred emt>odi-; 
ments thereof, it will be understood by those skilled 
in the art that various changes in form and details 
may be made therein without departing firbmthe spirit 
and scope of the invention. 



Claims 

1. A gradient transport cart for transporting at least 
two configurations of Imaging gradient coils, the 
gradient transport cart configured to operate 
within a magnetic resonance imaging (MRI) sys- 
tem, the gradient transport cart conriprising: 

(a) a main frame; 

(b) 'a plurality of rotateible transport wheels 

, connected to said frame so as to allow said, 
main firame to move on a horizontal sur^ce; 

(c) a gradient collar connected to said frame;. 

(d) a gradient ooH tube for housing one of the 
imaging gradient coil, the Imaging gra^lient 
coil tube connected to said gradient collar; 
and , . *^ 

(e) attachment means for attaching said gra- 
dient coil tube to said gradient collar, whereby 
the gradient transport cart with: the image 
gradient coil can be moved into and out- of a 
nriaghet bore of the. MRI device. 

■ ■ ' a'* - 

2. The gradient transport cart of dairn 1, further 
comprising, means for releasably attaching the 
gradient transport cart within the MrI system. 

3. Thegradientb-ansportcartof daim 1 or2, further 
comprising at least one gradient coil calibration 

. shim plate, said shim plate beiiig connected be- 
tween said gradient collar and said gradient coil 

. tube tb adjust the physicar relationship between 
the MRI device and the imaging gradient coil. . 

4. The gradient transport cart of daim 1 , 2 or 3 fur- 
ther comprising braking means for locking at least 
one of said plural ity of rotatable transport wheels 
so that the gradient transport cart does not move. 

.5. The gradient transport cart of any preceding 
' claim, further comprising input means for allow- 
ing power and/or water and/or electrical connec- . 
tion to access the gradient transport cart. 

6. The gradient transport cart of claim. 5, wherein 
said input means further coriiprises security 
means for securing said gradient collar to the MRI 
• system so that the gradient transport cart cannot 
be. removed without, disconnecting said power 
and/or water and/or electrical .connection. 
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. 7. The gradient transport cart of daim 1. further 
comprising stabilizing means for. stabilizing said 
gradient coil, wherein said stabilizing means 
comprisesapluralityof pinsthatengagewiththe* 
MRI magnet casing. .5 

8- A system for providing magnetic resoniance inrv 
agery (MRI), qomprising: . 

(a) a MRI magnet; and 

(b) a gradient transport cart, wherein said cart 
comprises, 

(1}afranne; 

(2) a plurality of rptatabfe transport wheels 
connected to said frame; 

(3) a gradient collar connected to said 
frame; 

(4) a gradient coil tube for housing a gra- 
dient coO, said gradient coil tube connect- 
ed to said gradient collar; and 

(5) attachment means for ajttaching said 
gradient coir tube to said gradient collar. 
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